Results from a neural-network trigger based on the digital MA16 chip of Siemens are reported. The neural trigger has been applied to data from the WA92 experiment, looking for beauty particles, which have been collected during a run in which a neural trigger module based on Intel's analog neural chip ETANN operated, as already reported. The MA16 has a precision of 16 bits for input variables, 16 bits for weights, 16 bits for scalar multipliers modifying the transfer function shape, 47 bits for thresholds, 53 bits for internal calculations, 38 bits for the output. Of the latter only 16 bits are used in the MA16 board, as input to the transfer function inplemented on 16-bit addressable EPROM's. The MA16 board operated at 50 MHz, yielding a response time for a 16 input variable net of 3 µs for a Fisher discriminant (1-layer net) and of 6 µs for a 2-layer net. Results are compared with those previously obtained with the ETANN trigger.
We have already reported at the previous workshop of this series [1] and in subsequent publications (see e.g. [2] ) the results from a neural trigger based on the analog ETANN chip which operated in the experiment WA92 at CERN during the 1993 run. The neural trigger included also two boards based on the digital microprocessor MA16, which were not ready at the time of the run because of delays in the debugging of the board control code. We present here results from the MA16 board of the neural trigger module which has been applied off-line to the same experimental data on which the ETANN board operated on line.
Aims of the Neural Trigger in WA92.
WA92 is an experiment at CERN looking for the production of beauty particles by a π − beam at 350 GeV/c impinging on a Cu target (during the 1993 run) [3] . The Neural Trigger hosted in the experiment had the the task of selecting events, already accepted by the WA92 standard trigger, by exploiting a non-leptonic beauty decay signature and to accept them into a special data stream, meant for early analysis. Specifically, the Neural Trigger was trained to enrich the fraction of events with C3 secondary vertices, i.e. branching into three tracks with sum of electric charges equal to +1 or -1. C3 vertices are sought for further analysis aimed to identify charm and beauty non-leptonic decays. Training was done with previously collected events, certified off-line to contain or not a C3 vertex by the Trident event reconstruction program.
Input from the WA92 Trigger Apparatus. Input to the Neural Trigger was provided by the Beauty Contiguity Processor (BCP) [4] , which determined tracks and their impact parameters on-line, using hit locations in the silicon microstrip Vertex Detector. The BCP output, arranged in five 64-bit hit-maps each one corresponding to separate impact parameter windows, was preprocessed within the neural crate to yield 16 input variables for the neural chips. The MA16 Microprocessor. The MA16 is a digital, systolic chip developed by Siemens [6] [7] . The MA16 has a precision of 16 bits for input variables, 16 bits for weights, 16 bits for scalar multipliers effectively modifying the transfer function shape, 47 bits for thresholds, 53 bits for internal calculations, 38 significant bits for the output (out of a 48 bit output word). It can accomodate an arbitrarily large number of input variables, the processing time increasing with their number. It operates up to a clock frequency of 50 MHz. It processes four input patterns simultaneously in a pipelined fashion. The latter feature cannot be directly used in our trigger application (where one has to wait for one event at the time), but can be exploited to reduce by a factor of four the clock frequency requirements on parts of the chip periphery on the board, as discussed below. The MA16 is a pure processor, with no memory available to store the neuralnetwork parameters. The latter must be stored on external memories, and must be supplied at the required clock times to the MA16, according to the operating code loaded into the MA16 during processing. The MA16 is supported by development software to generate and to check microcodes for MA16 applications in a UNIX/XView environment, including a MA16 circuit simulator [8] .
Neural Trigger
The MA16 Board. The block diagram of the VME9U MA16 board is shown in EPROM's is less than 512 words, whereas 2048 of them can be stored. Their start address can be preset via the VME bus from the PC, so that four independent sets of net parameters can be used without reprogramming the EPROM's. The board operates at a clock frequency of 50 MHz. The response time for a 1 layer net is under 3 µs and for a 2 layer net under 6 µs. Conclusions. The MA16 part of the Neural Trigger module, which operated online during the 1993 run of the WA92 experiment, has been completed and applied offline to the same data collected and selected by the ETANN board. Differently from ETANN, the MA16 board does not have stability problems to care about and thus its testing does not need real operating conditions. This first neural trigger actually operating in a standard high-energy physics experiment shows the viability and the merits of neural trigger technology. The experimental set-up in which it operated, dealing with a relatively low energy beam, is not the best suited to show its full potential especially in connection with the MA16, since the trigger signature turns out to be a relatively simple one easily handled by a low level neural network. That is expected to change with the high multiplicity events which will have to be sorted out at the LHC experiments.
